Introduction
Ovarian cancer is the fifth leading cause of cancer death in the United States, and contributes significantly to the worldwide cancer burden [1] . The lack of gynecologic-specific symptoms and effective early detection methods for ovarian cancer leads to a preponderance of late-stage diagnoses. Ovarian cancer is a surgically-staged and treated disease, and the application of appropriate, guidelines-based treatment is currently the only option to reduce ovarian cancer mortality [2] .
The National Comprehensive Cancer Network (NCCN) [3] and the National Institutes of Health (NIH) [4] publish widely used treatment guidelines for ovarian cancer cases in the United States. Both NCCN and NIH's Physician Data Query (PDQ) incorporate tumor histology into treatment guidelines. While the NCCN publishes guidelines for the three main types of ovarian cancer, epithelial, sex cord-stromal, and germ cell tumors [5] ; the PDQ offers guidelines only for the most common epithelial tumors. While epithelial tumors account for about 90% of all ovarian neoplasms, they are not a homogenous group [5] . The four main epithelial subtypes (serous, mucinous, clear cell, and endometrioid) can have very different clinical and pathologic patterns.
Among epithelial ovarian cancer subtypes is mucinous epithelial ovarian cancer (mEOC), a relatively rare subtype accounting for approximately 14% of invasive ovarian cancer cases [6] . mEOC has a distinct natural history compared to other epithelial subtypes, especially the most common serous subtype. mEOCs are more often diagnosed in younger women [6] than other epithelial tumors, and epidemiologic studies have shown a lack of protective effect from parity and oral contraceptive use [7] [8] [9] [10] [11] . Pathologic studies have determined that mutations in the K-ras oncogene are more common in mEOC compared to other subtypes [12] , while mutations in the BRCA1 tumor suppressor gene are less common [13] . Despite their distinctive nature, mEOCs are included in overall epithelial ovarian cancer treatment guidelines, as standard care for all epithelial subtypes is defined in the same manner [3, 4] .
Because of the differences in risk factors and presentation, a few studies have examined differences in outcomes of mEOC compared to other epithelial subtypes. Many have found lower response rates to chemotherapy and inferior outcomes compared to other subtypes [14] [15] [16] . Based on these results, it has been suggested that mEOC be treated as a different entity and not grouped along with epithelial tumors in standard treatment and also in clinical trials for epithelial ovarian cancer [17] ; however, these suggestions have yet to be widely adopted or implemented. While the existing evidence seems consistent, studies producing this evidence have contained small numbers and generally represent the experience of individual institutions.
Objectives
The objective of this chapter is to fully characterize mEOC using a population-based approach. We add to the paucity of existing literature on mEOC with an analysis that utilizes ovarian cancer medical record data from two large populations in the United States, New York and Northern California. We comprehensively examine demographics, pathologic characteristics, and the outcomes of treatment for mEOC. We compare these characteristics to other epithelial subtypes in order to determine whether clinical presentation or outcomes differ among epithelial subtypes. Finally, we discuss the results of this research in the context of published studies on mEOC.
Study design

Setting and population
The data presented and analyzed here are from the Ovarian Cancer Treatment Patterns and Outcomes (OCTPO) study, funded by the Centers for Disease Control and Prevention (CDC), and conducted by the New York State and the California Cancer Registries [18] [19] [20] . The New York State Cancer Registry (NYSCR) conducts surveillance on all 19 million New York state residents, and the two components of the California Cancer Registry (CCR) that were funded for this study serve the contiguous geographical area of Greater San FranciscoSan Jose and Sacramento regions, providing surveillance for a population of 9 million residents in California. Both the NYSCR and the CCR conduct high quality, population-based cancer surveillance, and routinely review medical records to abstract demographics, tumor characteristics and treatment data as part of state-mandated cancer surveillance. For this retrospective study, additional detailed patient, tumor, and treatment data were collected by these registries from multiple sources including hospital, outpatient facility and physician records. Vital status was determined by linkage with the National Death Index http:// www.cdc.gov/nchs/ndi.htm. The study population included patients with invasive epithelial ovarian cancer diagnosed between 1998 and 2000. Only invasive cases of epithelial ovarian cancer were included; benign and low malignant potential tumors were excluded. Primary peritoneal cancers and fallopian tube cancers were also excluded. Subjects diagnosed at autopsy or by death certificate were ineligible. All cases included were histologically confirmed. Cases were followed up for six years for vital status information.
Data classification
Histology was collected according to World Health Organization International Classification of Diseases for Oncology, third edition (ICD-O-3) morphology codes [21] . All epithelial histologies collected were collapsed into categories for analysis according to Race and ethnicity was categorized as white non-Hispanic, black non-Hispanic, Asian nonHispanic, and Hispanic. A total of 34 cases were excluded from the analysis on the basis of race or ethnicity data. Three of the 34 cases were classified as American Indian/Alaska Native race; these were excluded because of the inability to draw any conclusions from this race because of the very small number. The remaining 31 cases were excluded because race or ethnicity information was unspecified or missing. Stage was defined using the International Federation of Gynecology and Obstetrics (FIGO) system, with categories I, II, III IV, or unknown. Grade was collapsed into four categories defined as Grade I (well differentiated tumors), Grade II (moderately differentiated tumors), Grade III/IV (poorly differentiated and undifferentiated tumors) and unknown grade. Laterality was collapsed into unilateral (single ovary involved at diagnosis: right, left, or unspecified), or bilateral (both ovaries involved at diagnosis) categories. Comorbidity was defined using the Deyo-Charlson Comorbidity Index [22, 23] , a commonly used measure of disease burden. Comorbidity information was collected via linkage with state hospital discharge data. Any comorbidity present in the 12 months prior to or 4 months following an ovarian cancer diagnosis was included. Type of treatment was defined to distinguish patients who received various com-binations of surgery and chemotherapy. In descriptive analyses, chemotherapy was further categorized by receipt of specific agents. These categories consisted of surgery and platinum agent (cisplatin or carboplatin) receipt, surgery and platinum agent and paclitaxel receipt (standard treatment for EOC) [24] , and surgery and any chemotherapy agent or combination of agents other than cisplatin, carboplatin, or paclitaxel.
Analyses
Statistical testing was performed using the likelihood ratio chi-square test for discrete variables. The Kruskal-Wallis test was used to test for differences among continuous variables. A generalized logits model was fit to determine the characteristics associated with epithelial subtype. Variables included in the model were age, race/ethnicity, stage, grade, and laterality. Age was transformed in all models using restricted cubic spline functions to allow for nonlinearity [25] . Due to the lack of availability of grade and stage information for some cases (31% for grade; 15% for stage), missing indicator variables were included for each variable in all models. Because of potential issues with using missing indicator variables, separate models that imputed missing data were fit (data not shown) [26, 27] . These models yielded consistent results with the un-imputed models. Six-year survival curves are presented as Kaplan-Meier estimates. Statistical testing for differences in unadjusted survival rates across epithelial subtypes was performed using the log-rank test. For adjusted survival, a time-dependent Cox model was used to determine the predictors of six-year survival. Age, race/ ethnicity, stage, grade, epithelial subtype, comorbidity, laterality, surgery, and chemotherapy were included as covariates in the survival model. Time-dependent covariates for surgery and chemotherapy were used to prevent an artificial inflation of the association between treatment and survival. Cases were considered as not receiving treatment until the date of the procedure; they were considered as having received treatment after the date of the procedure. Interactions between epithelial subtype and treatment were included to determine if the effects of surgery and chemotherapy varied across subtypes. The proportional hazards assumption was assessed using time-dependent covariates and the Schoenfeld residual correlation test. Laterality was found to violate the proportional hazards (PH) assumption. Stratified log[-log S(t)] plots were used to help determine time intervals within which the PH assumption held. An interaction between laterality and time was included in the final model to satisfy the PH assumption.
Results
Demographic and clinical characteristics of mucinous epithelial ovarian cancer
The characteristics of ovarian cancer cases in New York and Northern California are presented by epithelial subtype in Figure 1 and Figure 2 show the demographic and clinical characteristics significantly associated with mEOCs compared to other epithelial ovarian cancers, after adjusting for other factors. mEOCs were more often associated with Asian non-Hispanic race/ethnicity 
Survival following a mucinous ovarian cancer diagnosis
Unadjusted Kaplan-Meier estimates showed that survival following an epithelial ovarian cancer diagnosis was initially worse for mEOC and other EOC compared to serous EOC (Figure 3) . At approximately 38-40 months post-diagnosis, mEOC and other EOC tumor survival rates stabilized, whereas survival from serous EOC continually decreased. At the end of the 6 year follow-up period, survival was significantly different among the epithelial subtypes (log rank p<0.001). Unadjusted survival was 49.8% among women with mEOC, 39.0% among women with other EOC, and 30.8% among women serous EOC.
The results of the multivariable Cox model predicting 6-year survival are shown in Table 4 and Figure 4 . After adjustment, black race, advanced stage, higher grade, and the presence of comorbidities were all associated with increased mortality from EOC (Table 4) , as was increasing age (especially age > 60, Figure 4) Figure 4 . **The overall epithelial subtype comparisons are from a model excluding the subtype and treatment interactions. These are presented to show the "average" effect across treatments. All other hazard ratios in the model are calculated from the model including the interactions.
Demographic
Discussion
This large, population-based study adds further, definitive evidence for demographic and clinical characteristics previously associated with mEOC: Asian race, early stage, low grade, and unilateral ovarian involvement at diagnosis [9, 16, 28] . Regardless of the large proportion of stage I diagnoses (about 45%), mEOC appears to be a particularly deadly subtype of ovarian cancer. These patterns seen in mEOC are consistent with clear cell EOC, which also tends to be diagnosed at early stages [29] , and has poor overall survival compared to other EOCs [29, 30] . Patterns of other epithelial subtypes vary: endometrioid EOC is often diagnosed at early stages, but generally has better overall survival compared to other EOCs [31] ; serous EOC is most often diagnosed at late stages (stage III and IV), and survival from these tumors appears to be significantly associated with grade [32] . These divergent patterns suggest that EOC is an extremely heterogeneous group, and histologic subtype should be considered in addition to stage before and during treatment. The poor survival from mEOC shown here is consistent with other studies [14, 16, 33] and may be due to a decreased response to chemotherapy. Our study results are consis-tent with these findings, in that chemotherapy did not appear to have a beneficial effect in women with mEOC. Evidence suggests that mEOC response rates to platinum-based chemotherapy are low overall (13-26%) [14, 34] . This decreased response could be related to a lack of sensitivity of mEOCs to standard platinum-containing chemotherapy regimens [17] . It is well-established that platinum sensitivity varies by pathologic and clinical characteristics including tumor type [34, 35] . Relatively recently, some groups in the United States have suggested that different treatment strategies should be considered for mEOC, and that future clinical trials should be redesigned to 1) exclude women with mEOC and other rare EOC types [36] , and 2) assist with the development of novel agents more targeted to mEOC that can be used in the front-line and recurrent settings [17, 37] . Several barriers exist to such clinical trials, including decreased availability of funding [38] , as well as potential lack of enrollment and participation due to the rarity and deadly nature of mEOC. Despite these limitations however, a phase III clinical trial comparing standard carboplatin and paclitaxel regimen (with and without bevacizumab) to oxalitlatin and capecitabine (with and without bevacizumab) in women with stages II-IV or recurrent untreated stage I primary mEOC was recently announced [39] .
Some groups have suggested additional chemotherapeutic agents that may be more effective in the treatment of mEOC. Based on studies with mEOC cell lines, combination chemotherapy consisting of oxaliplatin and 5-fluorouracil may be beneficial for mEOCs [40] . The suggested use of fluorouracil, a chemotherapy agent used in the treatment of colon cancer [41] , has gained additional support because of the similarities between mEOC and mucinous tumors of the colon [16, 42] . A recent review comparing characteristics of these two tumor types concluded that there are multiple similarities with respect to mutational patterns, clinical presentation, therapy response, and outcomes [43] . The review further proposes that the search for new and more effective chemotherapeutic agents for mucinous tumors might be more successful if comparisons are made across organs [43] . However, there are clear differences in the cellular localization of mucin in these two types, and further research is needed to substantiate the usefulness of this approach.
Regardless of the availability of and evidence for alternative treatment regimens, the results presented here underscore the need for precise pathologic assessment of all EOCs with respect to site of tumor origin, histologic type and subtype, behavior and grade. The vast majority of histologic-specific analyses using medical record data (including this one) are limited by the fact that there is no central pathology review of included cases. Because of this, a few studies have retrospectively reviewed stored specimens and medical records to examine concordance of pathologic characteristics of ovarian cancer. In a population-based study using Surveillance Epidemiology and End Results (SEER) data, there was 98% concordance on site of origin, and 97% concordance on overall epithelial histologic type [44] . Concordance varied by histologic subtype; it was 100% for clear cell EOC, 87% for mEOC, 80% for serous EOC, and 73% for endometrioid EOC. For tumor behavior, there was 85% concordance for invasive ovarian tumors. In most cases (90%), tumors originally diagnosed as invasive were thought to be low malignant potential upon review. Another study examining pathology in the Gilda Radner Familial Ovarian Cancer Tumor Registry reported 95.3% concordance on primary site [45] . The agreement by histologic subtype was lower, with disagreement on 38.3% of cases. The vast majority of differences were related to differences in classification of serous EOC, either by the initial or reviewing pathologist. Concordance by grade was slightly better than that by histologic subtype, with disagreement on 31.2% of cases. The majority of differences centered on the differential assignment of grade II versus grade III. Few cases (a total of 7.6%) were upgraded or downgraded in a way that would have potential implications for treatment. While these pathologic review findings are encouraging overall and provide support for analyses of mEOC such as this one, they may not be exact enough to support the prescription of alternative treatment regimens based solely on histologic subtype.
Conclusions
The results presented here provide definitive evidence that mEOC is associated with different demographic and clinical characteristics than other EOC subtypes, and women diagnosed with mEOC have worse adjusted survival compared to those with other EOC subtypes. A particular strength of this study is the population-based approach, which reflects the experience of two U.S. populations of women with ovarian cancer, as opposed to that of a single institution or those participating in clinical research. This study yields several implications for future research. First and foremost, the continued characterization of the heterogeneity of ovarian cancer through basic, clinical, and population research is necessary. Second, the need for precision in pathologic assessments is paramount, and pathologists, oncologists and scientists all have a role in assisting with this through research and education. Finally, assessment of provider knowledge and awareness regarding treatment recommendations, and proposed or enacted changes to these recommendations, would be beneficial for ensuring appropriate use of evidence-based practices in the treatment of ovarian cancer.
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